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1. Introduction
Nigeria produces approximately 4.3 million tons of 
rice paddy per year. The waste which is the husk has an 
approximate volume of 1.1 to 2 million tons per year 
[1,2]. These wastes can translate to tremendous wealth 
if properly and economically utilized mostly in our 
construction industry. In cement technology, this material 
is classified as a supplementary cementing material (SCM) 
or cement replacement material (CRM), as the case may 
be. It is also characterized as a low grade material. One 
of the setbacks in the use of these low grade materials 
is the lack of appropriate technology in processing, and 
the proper knowledge of its behavior when used as a 
composite. In this research the focus is on rice husk ash. 
The technology in the use of SCMs/CRMs is still at the 
teething stage in Africa and most specifically, Nigeria. 
The studies on the SCMs/CRMs have concentrated 
mostly on concrete oblivious of the fact that the paste in 
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An experimental investigation on rice husk ash (RHA) and Conplast SP 
430 (CP-admixture) was carried out to evaluate their effects on the paste 
characteristics (soundness, consistency, initial and final setting times). The 
cement content used was 300g and the brand was ‘Ashaka’ Portland cement 
conforming to BS EN 12 1973. Various combinations of the mixtures OPC-
RHA-CP-admixture were used to establish performance characteristics 
of the pastes. Statistical characteristics, and linear regression models (no-
transformation, λ = 0.5, and Box-Cox transformation) were developed on 
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volume, and the weakest point of attack by infiltrating 
chemicals. The quality of the paste determines the 
character of the concrete. The strength of the paste, in 
turn depends on the ratio of water to cement. Therefore, 
it is very important that the characteristics of the paste 
is known and the processes for durable paste constituent 
standards strictly applied. Darweesh [3] worked on the use 
of black liquor waste as cement admixture or cement and 
concrete admixtures. Some of his conclusions showed 
that the water of consistency was increased by 1.68 % 
to 13.12 % with OPC, and by 4.11 % to 13.85 % with 
LPC, in comparison with those of their planks. On the 
other hand, the PBL waste decreased the setting times 
(initial or final) with either OPC or LPC. With 3 % PBL 
the initial and final setting times decreased from 140 to 
119 min and decreased from 255 to 231 min with OPC. 
With LPC pastes, these changes were from 148 to 128 
min and from 266 to 148 min. He therefore, concluded 
that setting was faster with OPC than with LPC. Hence, 
PBL waste can act as an accelerator for cement pastes. 
Habeeb and Mahmud [4] and Abubakar [2] both worked on 
RHA. Dobiszewska and Beycioğlu [5] researched on waste 
basalt powder, while Samantasngha and Singh [6] was on 
slag blended geopolymer paste and mortar. Understanding 
the underlying mechanisms of the working of these 
cementitious pastes are key to optimize and transit the 
technology to the Nigerian construction industry.
Table 1 is a collection of literature of works on paste 
characteristics of different types of SCMs/CRMs with and 
without admixtures. The collections in Table 1 show that 
vital information on the paste, such as cement content, 
water quantity or water-cementitious materials, etc. used 
were omitted, and therefore, points to many inherent gaps 
in our experiential methods and omissions of important 
steps. Abubakar [2] for instance, mentioned consistency as a 
subtitle but never highlighted anything on it. Consistency is 
the water affinity of the material, and very important in the 
classification of the material. These are some of the gaps 
addressed in this work. Good experimental procedures that 
adheres to proper code interpretations and specifications, 
coupled with good documentations of procedures will boost 
confidence in the use of these lower grade materials. The 
study is on the paste characteristics of rice husk ash (RHA) 
and Conplast SP 430 [7] which are low grade materials. It 
is very important the RHA and CP-admixture with cement 
after setting, shall not undergo any appreciable change of 
volume to cause disruption of set and hardened mass. If this 
is allowed, it may cause serious difficulties for the durability 
of structures when such cementitious materials are used. The 
paste characteristics considered are soundness, consistency, 
and initial and final setting times. They were carried out 
experimentally with RHA as replacement materials in 
proportions of 0, 10, 20, 30, 40 and 50 % by wt. % of 
cement, and CP-admixture, at 5.7 mL by wt. % of cement to 
produce OPC-RHA-CP pastes.
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2. Materials
The materials used are Ashaka Portland cement, rice husk ash 
and Conplast SP 430 as the plasticizer. The cement conforms to 
BS EN 197 Part 1 [13], and was procured at the local market in 
Bauchi, Nigeria. The rice husk ash used for the production of the 
ash was collected as a waste threshed out and separated from the 
rice grains. Therefore, it was collected as a waste and calcined 
in the kiln of the Industrial Department of the university at a 
temperature range of 400 oC to 600 oC, grinded using pestle and 
mortar, and sieved using a sieve size of 150 µm. The physical 
and chemical properties were carried out in accordance with 
ASTM C 618-12 [14]. The cement chemical properties were 
tested at Ashaka Cement Company in Ashaka, Gombe State. 
The physical and chemical properties of the ‘Ashaka’ OPC and 
RHA are shown in Table 2.
Table 2. Physical and Chemical Properties of Ashaka 
Portland Cement and Rice Husk Ash




Bulk density (kg/m3) [ref]
Consistency (%)
Initial setting time (min)
















































The superplasticizer used is Conplast SP 430 [7] and 
conforms to ASTM-C-494-92 [15]. The extracts from the 
manufactures literature describes it as a chloride free, 
superplasticizing admixture based on selected sulphonated 
naphthalene polymers. It is a brown solution and disperses 
in water. It is suitable for use with all types of Portland 
cements and cement replacement materials such as rice 
husk ash. Table 3 shows the typical properties of Conplast 
SP 430.








Nil to BS 5075/BS: EN934 
Less than 2 % additional air is entrained at 
normal dosages
3. Experiment
The soundness, standard consistency and initial and 
final setting times were carried out using ordinary Portland 
cement (OPC) paste containing rice husk ash (RHA) and 
Conplast SP 430 (CP-admixture) in proportions of 0, 10, 
20, 30, 40, and 50 %, respectively. The control mix was 
designated as MR-00, reflecting a paste without RHA or 
CP-admixture. The other paste compositions are labelled 
as MR-10/50 for OPC-pastes containing RHA only, and 
MRCP-10/50 for OPC-pastes containing both RHA and 
CP, respectively. A cement content of 300 g was used with 
RHA replacements of cement by wt. %, and/or, with a 
CP-admixture dosage of 5.7 mL wt. % of cement. These 
mixes were used to study their effects on the soundness, 
consistency and initial and final setting times.
Soundness of cement is a quality assurance test of 
cement. This was carried out to examine expansion due 
to the presence of free lime and magnesia (MgO) in the 
cement. This is important to affirm that the cement after 
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disruption of the cement used. It was carried out using 
the Le-Chateliers apparatus and consists of a small split 
cylinder of spring brass to other non-corrodible metal 
of 0.5 mm thickness forming a mold of 30 mm internal 
diameter and 30 mm high. On either side of the split, two 
indicators are brazed suitably with pointed ends made of 
2 mm diameter brass wire in such a way that the distance 
of these ends to the centre of the cylinder is 165 mm. The 
split cylinder was kept between two glass plates and the 
temperature in the laboratory was almost 29oC, and the 
relative humidity was 62 %. The immersed Le-Chatelier 
molds were raised to a temperature of approximately 27 
oC, and measured with a Vernier caliper.
The consistency of a binder paste is the measure of the 
degree of wetness or fluidity of the prepared paste. The 
objective of conducting this test is to find out the amount 
of water needed to be added to the cement to get a paste of 
normal consistency. It is defined as that consistency that 
will permit the Vicat plunger to penetrate to a point 5 to 
7 mm from the bottom of the Vicat mold. Pastes with the 
above compositions were used for this test. The precaution 
taken was that gauging was kept below 5 min to avoid 
setting before time. The test was conducted in accordance 
with BS 4550: 1978 [16] specification, and evaluated using 
Equation (1):
 (1)
The initial setting time is the time when cement paste 
starts hardening while the final setting time is the time 
when cement paste has hardened sufficiently in such a way 
that a 1 mm needle makes an impression on the paste in 
the mold but 5 mm needle does not make any impression. 
Setting time is the is the time required for stiffening of 
cement paste to a defined consistency., and thus initial 
setting time is important for transportation, placing and 
compaction of cement concrete. It is required to delay the 
process of hydration or hardening. The Vicat’s apparatus 
was used for this test and conducted in accordance with 
BS 12: [1] and BS 4550 [16] specifications respectively. The 
initial and final setting times are calculated as:
 (2)
Where,
= Time at which water was first added to cement
= Time when needle failed to penetrate 5 mm to 7 
mm from bottom of the mold
= Time when the needle made an impression but the 
attachment failed to do so.
The results of the soundness, consistency and initial 
and final times of setting are shown in Table 4.
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What gives cement it’s property is the CaO content 
and it has a cementing property. This is approximately 61 
%. The SiO2 in the cement is only approximately 20 %. 
However, for the RHA the SiO2 is 74 % and the CaO is 
just approximately 1 %. The sum of the SiO2 + Al2O3 + 
Fe2O3 in the RHA is approximately 82 %, which is greater 
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than the 70 % specified in ASTM for pozzolanicity. The 
limits of the MgO and Na2O both in the cement and RHA 
are 0.97/0.12 and 2.43/0.90. These are both less than the 
limits set for them by BS 12 (1999), that is 0.1 to 4.0 and 
0.2 to 1.3, respectively. Can be said to be okay. The K2O 
content and the LOI are 2.8 % and 7 % respectively. A 
well burnt RHA has an average composition 2 % K2O and 
5 % carbon (LOI). Therefore, within the experimental 
errors the RHA can be said to be okay.
Figures labeled 3a and 4a are plots of the data on paste 
characteristics of the OPC-RHA-CP-admixture cement 
paste, while Figures 3b and 4b are plots taken from Table 
5 showing the percentage differences recorded for each 
mix combinations (Mix 0 to Mix 3). The performances of 
these pastes reflect the characteristics of the RHA which 
are dependent on three factors: (i) the composition of 
the rice husk, (ii) the burning temperature and, (iii) the 
burning time. Under controlled burning conditions (as 
in this case) the volatile organic matter in the rice husk 
consisting of cellulose and lignin are removed and the 
residual ash is predominantly amorphous silica with a 
(microporous) cellular structure as shown in Figures 1 and 
2, the microstructure and diffractogram of the RHA.
Figure 1. Micrograph of RHA
Position [°2Theta] (Copper (Cu))







Figure 2. XRD Diffractograme of RHA
The soundness of the OPC-RHA-CP paste is shown 
in Figure 3. It shows that for all combinations of the 
paste the soundness was ≤ 10 %. Therefore, it can be 
said that the addition of RHA and/or CP-admixture to 
OPC paste will not cause unsoundness and after setting 
will not undergo any appreciable change of volume. The 
addition of 5.7 mL of CP-admixture by wt. % of cement 
to OPC increased the soundness by approximately 28 %. 
The difference between the control mix (MR-00) and the 
mix containing RHA (MR-10 to MR-50) without CP-
admixture showed an increase of 14.3 % at 10 and 20 % 
replacements respectively, and remained constant at 42.9 
% at 30 to 50 % replacements. The same comparison is 
made for the case when the control paste containing CP-
admixture (MRCP-00) and that containing RHA with CP-
admixture (MRCP-10 to MRCP-50). The comparison 
shows increases of 3.3 at 10 % with a peak value of 10 % 
at 30 % replacement, and fell to a value of 5.6 % at 50 % 
replacement. However, the case of adding CP-admixture 
to MR-00 and MR-10 to MR-50, and compared shows 
that it has drastic effects at higher replacement levels of 
RHA. At 10 t0 20 % replacements there were increases 
of 16. 3 and 21.3 % respectively, but drastically reduced 
from 30 to 50 % replacements to -1.0 to -5.0 %. 
(a) Soundness Plot
(b) Soundness Difference
Figure 3. Soundness of RHA-CP-OPC Paste
Figure 4 is the consistency of OPC-RHA-CP cement 
paste. The consistency is the water affinity of the 
cementitious material. This decreased by 5.6 % when 
CP-admixture was added to the control mix (MR-00). 
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One of the advantages of water reducing admixture such 
as naphthalene sulphonated is that it reduces the water-
cementitious ratio while keeping the concrete workable. 
For the mix without the CP-admixture (MR-00 and MR-
10 to MR-50) the water requirement increased from 
8.3 to 211.1 %. RHA contains a cellular, honeycomb 
morphology of amorphous silica and this morphology 
results in high water absorption. Therefore, the increase in 
water affinity can be attributed to this rough texture and 
amorphous nature of the RHA. We therefore, need more 
water for workability. This behavior is further confirmed 
for the same mix but with CP-admixture (MRCP-00 and 
MRCP-10 to MRCP-50 where the water for workable 
OPC paste decreased from 8.8 to 91.2 %.
(a) Consistency Plot
(b) Percentage Difference
Figure 4. Consistency of RHA-CP-OPC Paste
The situations with the initial and final setting times are 
not different (Figures 5a and 5b) and (Figures 6a and 6b), 
respectively. Both the RHA and CP-admixture increased 
the setting times in various degrees as shown. It therefore 
goes to show that these materials are retarders. Retarders are 
useful additives especially for hot weather concreting. This, 
also advances one of the characteristics of the CP-admixture 
that it improves cohesion, and particle dispersion minimizes 
segregation and bleeding with increased workability.
(a) Initial Setting Time Plot
(b) Percentage Difference
Figure 5. Initial Setting Time of RHA-CP-OPC Paste
(a) Final Setting Time Plot
(b) Final Setting Time Difference
Figure 6. Final Setting Time of RHA-CP-OPC Paste
Statistical Characteristics and Linear Regression 
Model of OPC-RHA-CP Paste
Table 6 shows the statistical characteristics of the paste. 
It shows the mean, standard deviation etc of the paste. The 
mean value characterizes the central tendency or location 
of the data, while the coefficient of variation provides a 
general feeling about the performance of the method. It is 
the distribution of data points in a data series around the 
mean and thus, expresses the variation as a percentage 
of the mean. The larger the coefficient of variation, the 
greater the spread in the data. The standard error of the 
mean (SE Mean) estimates the variability between sample 
means, and the standard deviation and thus, establishes 
a benchmark for estimating the overall variation of a 
process. Whereas the standard error of the mean estimates 
the variability between samples, the standard deviation 
measures the variability within a single sample. A higher 
standard deviation value indicates greater spread in the 
data. From the results are achieved in Table 6 it can be 
concluded that both the RHA and CP-admixture are 
8
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compatible with the ‘Ashaka’ Portland cement.























































Tables 7 and 8 are the linear regression model 
characteristics of the OPC-RHA-CP-admixture paste. 
The study on the experimental data used three regression 
models: (i) no-transformation, (ii) λ = 0.5 transformation, 
and (iii) box-cox transformation. The model characteristics 
are shown in the Tables 7 and 8, respectively, and the 
normality plot for the various mixes shown in Figure 7. 
All the models used seem to be adequate but the box-cox 
transformation shows more appropriateness compared 
with the no-transformation and λ = 0.5, based on the 
quality of the regression model characteristics achieved.
Table 7. Model Characteristics of OPC-RHA Paste
Parameter RHA-CP-OPC Paste Characteristics
























S (0.4630); R2 
(97.7 %)
S (0.1128), R2 (97.72 %), 
Transformation None λ = 0.5
Box –Cox Rounded λ = 0
Estimated λ = 0.0235





































































RHA: Box-Cox Transformation (Rounded λ = 0)
Table 8. Model Characteristics of OPC-RHA-CP Paste























S (1.5141); R2 (99.4 %), R2(pred) 
(84.2 %) 
S (0.0996); R2 (99.5 %) R2(pred)(86.1%) S (0.1128), R2 (97.72 %), R2(pred) (93.3%)
Transformation None λ = 0.5
Rounded λ = -1 (Box-Cox)
Estimated λ = - 0.866784






































































RHA-CP: Box-Cox Transformation (Rounded λ = 0) 
Figure 7. Normality Plots for the Regression Models
5. Conclusions
An experimental investigation of the effects of using 
supplementary cement materials (SCM), in this case RHA, 
and an admixture, (Conplast SP 430) which is plasticizer, 
to evaluate the paste characteristics of mixes made with 
and without RHA, and CP-admixture as the case may be. 
The conclusions are:
i. RHA is pozzolanic and the limits of MgO and Na2O 
are within the code’s specifications. Using RHA, and/or 
RHA with CP-admixture will not cause unsoundness, and 
will not undergo any appreciable change after setting.
ii. A mixture of RHA alone will increase the water 
requirement because of the morphology of the RHA which 
encourages water absorption.
iii. Addition of CP-admixture to RHA mix will reduce 
the water affinity of RHA. 
iv. The setting times will be affected by both the 
addition of RHA and CP-admixture which will allow 
adequate time for concreting before it sets.
Recommendation
The use of RHA with CP-admixture is recommended 
for good flow of the paste.
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